Optic disc is an important anatomical feature of the retinal image and helps in the diagnosis of eye diseases which appears as a bright circular or elliptic shape in fundus image. Accurate detection of the position of optic disc is useful for the diagnosis of new vessels on optic disc. Proliferative diabetic retinopathy is an advance stage of diabetic retinopathy and causes severe visual impairments. Early detection of the diabetic retinopathy is very important for the protection of patient's vision. Automated systems for screening of proliferative diabetic retinopathy should accurately detect the blood vessels to identify vascular abnormalities. In the proposed method the vascular pattern of normal and abnormal vessels is extracted using Gabor wavelet and segmenting the blood vessels using active contour method. Support vector machine is used for the classification of neovascularization. The proposed method is evaluated using publicly available retinal image databases and results show that the proposed method identifies the vascular abnormalities with high accuracy.
Introduction
In healthcare, medical imaging has emerged over the past few years, which has been considered a crucial tool for effective cures and better diagnosis. Medical imaging has enabled physicians to detect diseases at its early stages. Diabetic retinopathy is one of the diseases which appear in diabetic patients in which the lack of insulin causes high blood sugar in humans. Long-term diabetes also affects the human retina resulting in a condition known as diabetic retinopathy. The symptoms started from eye when the vascular system of the eye is damaged, severe vision loss can occur. This condition damages the retinal blood vessels causing them to leak which ultimately leads to blindness. Proliferative diabetic retinopathy is one of the advanced stages where new vessels start growing on the surface of retina. The early detection of these new vessels is important, because it may cause blindness if not detected timely. There are two types of diabetic retinopathy (1, 2) .
1. Non-proliferative Diabetic Retinopathy (NPDR) 2. Proliferative Diabetic Retinopathy (PDR)
1. Non-Proliferative Diabetic Retinopathy: NPDR which is also called background retinopathy (BDR). In BDR the blood vessels in the retina become weakened causing tiny areas of blood protruding from veins or arteries called micro aneurysms (3) . These are small blood clots occur due to capillary burst. Due to their small sizes these are hard to detect in retinal images whereas hemorrhages are bigger clots. The micro aneurysms may start leaking fluid into the retina, which may lead to swelling of the macula. Fig. 1 shows the NPDR case.
2. Proliferative Diabetic Retinopathy: PDR is an advanced stage of diabetic retinopathy. At this stage retina sends signal to the brain for new vessels at oxygen deprived areas. These abnormal blood vessels start growing on the surface of the retina and they are fragile and weak which may bleed into the vitreous humor and block the passage of light to the retina resulting in loss of vision or even blindness. Fig. 2 shows the abnormal blood vessels on the optic disc (NVD) (4) or elsewhere (NVE) (5) . Goatman et al. (4) proposed a method to detect new vessels on optic disc by detecting blood vessels. Support vector machine is used to categorize a vessel segment as normal or abnormal. Agruto et al. (6) proposed a multiscale amplitude modulation-frequency modulation (AM-FM) based method for discriminating between normal vessels and neovascularization. Jelinek et al. (7) examined the vascular pattern characteristics to detect PDR on fluorescein angiogram images. Nayak al. (8) proposed an artificial neural network based method for the detection of PDR with the help of blood vessels area and perimeter. The method for the detection of PDR should be able to detect blood vessels accurately and numbers of methods have been proposed for the detection and segmentation of blood vessels but the detection of neovascularization is still a difficult task as these vessels are small and fragile (9) (10) . Chaudhuri et al. (11) proposed matched filter method for the detection of blood vessels and this method has been widely used for the detection of blood vessels but the method fails to detect small vessels. Threshold probing based method was presented by Hoover et al. (10) to improve the accuracy of matched filter. The methods discussed contain different approaches to detect blood vessels but in this paper a new approach has been used to detect the normal and abnormal blood vessels. Fig. 2 shows the PDR case. The rest of the paper is organized as follows: Section 2 describes the proposed method and all its phases in detail.
The results of the proposed system on retinal images are discussed in Section 3 followed by conclusion in the last section.
Proposed Method
Uncontrolled diabetic retinopathy and glaucoma may lead to blindness. Optic disc helps to identify the different stages of DR, and glaucoma. The new vessels which are hard to detect in an automated way are detected using Gabor wavelets. The aim of this research is to design and implement an automated system for reliable diagnosis of NVD using state of the art image processing techniques. 
Pre-processing and Vessels Segmentation
Fundus images are acquired using fundus camera. The image quality may be degraded while taking picture. Image quality is an important issue especially in medical imaging. The pre-processing of an image may give false detection if it is not processed correctly. Fundus images contain a circular region of interest on a dark background. Feature extraction and abnormality detection algorithm only need the foreground pixels so a binary mask is used to separate the foreground pixels from the background. The retinal image contains three channels red, green and blue. Depending upon the features different channels can be used each contains information of anatomical features e.g. green channel (12) contains information of blood vessels. In this channel vascular structure of vessels can easily be identified and used for processing and red channel contains the information of optic disc. Fig. 5 shows the red, green and blue channels.
Vascular Pattern Extraction
In retinal image analysis Gabor wavelet (13) are considered to be useful for the detection of blood vessels. To enhance the visibility of low intensity vessels 2-D Gabor wavelet is used. Gabor wavelets can be used for thin and thick vessels by selecting the appropriate frequency k o , dilation parameter α, angle θ and elongation . Vessels in different directions can be made more visible by adjusting angle and the maximum response is taken at each step. Small step size or angle takes more time to compute the response as compared to large step size. Fig. 6 shows the Gabor wavelet and enhanced blood vessels in retinal image mathematically Gabor wavelet can be expressed as = exp( . )exp(− 
Where j = −1, A=[ -1/2 ,1] with elongation ≥1 is a 2x2
array and defines the elongation in the particular direction and the frequency of the complex exponential is controlled by vector K o. Gabor wavelet is scaled by varying the parameters to detect normal and abnormal vessels. Fig. 7 shows the new vessels on optic disc and normal vessels as well. The steps for the detection of new vessels on optic 1. The optic disc region is blurred to remove new vessels.
2. Gabor wavelets are applied on the resultant image which gives only normal vessels shown in fig. 8 (b).
3. Active contour method is used to segment the normal vessels
From
Step: 1 the contrast of optic disc region is enhanced using contrast limited adaptive histogram equalization.
5. Scaled Gabor wavelet is used on the resultant image which gives normal and abnormal vessels shown in fig. 8 (a).
6. Active contour method is used to segment abnormal and normal vessels.
7. Subtract step: 3 from step: 5 it will give abnormal vessels with background noise.
8. Resultant image is passed through the classifier which detects the new vessels and removes the background noise and normal vessels if any.
The optic disc region is blurred using 15x15 window to remove abnormal vessels and only normal vessels are visible in the resultant image these normal vessels are a) Gabor Wavelet b) Enhanced Image segmented using active contour method or simple thresholding can be used to extract vascular pattern of normal vessels. The same procedure is used on the a) New vessels and normal vessels; b) Normal vessels; c) New vessels Figure 8 . Detection of new vessels same image but with scaled Gabor wavelet so that the wavelet gives response to abnormal vessels. Wavelet is scaled to the size of abnormal vessels and rotations are given at a step size of 5 o so that the bunch of abnormal vessels could easily be extracted. Then the dilated normal vessels are subtracted from abnormal vessels. The resultant image will contain abnormal vessels with background noise. If the normal vessels are not dilated then the boundaries of the normal vessels are also detected as new vessels. Some of the normal vessels may also appear in the subtracted image but these can easily be removed when passed through classifier. Fig. 8 shows the image of new vessels obtained after subtracting.
Detection of abnormal vessels requires the appropriate window size to extract features. If window size is not selected properly than feature values of abnormal vessels may vary because if large window is selected then some portion of the retinal background can also be extracted which may change the value of features and abnormal vessels may not be detected properly. The problem can be solved if different segments of abnormal vessels are labeled in an automated way or selecting a small window size so that only a portion of the abnormal vessel is selected or a bunch of abnormal vessels are selected.
Abnormal new vessels are fragile and have weak walls so the feature selection for classification is itself a big task as some of the vessels appeared in the form of bunch whereas some may appear separate so a window size of 25x25 is selected in case of Messidor dataset which mainly depends on the resolution of the retinal image. Different window size may give different results, while extracting features appropriate window size should be selected so that features of each small segment could be calculated. Features such as mean gradient, energy, intensity variation and mean intensity are used.
Results
In order to evaluate the performance of the classifier and output of the overall system four parameters are used for evaluation purpose: i.e. sensitivity, specificity, accuracy and positive prediction value (PPV) given in Eqs. (2) 
where, TP (true positive): Pixels that are computed as new vessels and they also belong to new vessels in ground truth. FP (false positive): Pixels that are computed as new vessels and they are non-vessels in ground truth. TN (true negative): Pixels that are non-vessels and they are non vessels in ground truth. FN (false negative): Pixels that are non-vessels and they are computed as new vessels in ground truth. The performance results for the proposed system are given in table 1. The messidor dataset is used for training new-vessels segments. Fig. 9 shows the results of new vessels on optic disc after classification. Fig. 10 shows the results where no abnormal vessels are detected after classification because of healthy retinal images. The green region shows the window size used to crop the area where OD exists. 
Conclusions
Proliferative diabetic retinopathy is an advance stage of diabetic retinopathy and needs an early detection. In the proposed method novel algorithms for the detection of proliferative diabetic retinopathy is analyzed and the proposed algorithm gave good results with high accuracy on publicly available datasets. In the proposed method active contour method was used to segment the new vessels, it takes number of iterations to converge. Some other method of segmentation and new features to classify the vessels and non-vessels segments can also be used.
